Introduction
The use of cuffed tracheal tubes in children below the age of 8 yr has become popular for several reasons. [1] [2] [3] [4] [5] [6] The suggested benefits are a low tracheal tube exchange rate and a sealed airway without the use of over-sized uncuffed tracheal tubes. 7 Preformed cuffed tracheal tubes are of particular interest for ear-nose-throat (ENT) and cleft surgery as the tube cuff allows compensation for an excessive air leak and protection against pulmonary aspiration of blood. In addition, discharge of anaesthetic gases is reduced, which is helpful to the surgeon operating at the patient's head.
As poorly designed cuffed tracheal tubes can cause airway damage, the cuff position of paediatric tracheal tubes has become of interest. [8] [9] [10] [11] [12] In Magill shaped cuffed tracheal tubes, an appropriate depth mark is placed at the level of the vocal cords to ensure that the cuff truly is below the vocal cords and on the other hand the tube is not advanced too far into the trachea. 13 14 However, in preformed cuffed tracheal tubes, the final position of the cuff and of the tube tip within the trachea is predetermined, because the tube's bend is intended to be placed with the centre of its concave curvature facing the lower incisors or alveolar ridge. So far there are no clinical studies investigating cuff and tube tip position in preformed oral cuffed paediatric tracheal tubes, when the tracheal tube is placed according to its tube bend.
The aim of the present study was to evaluate the appropriateness of the tracheal tube cuff and tube tip position in the recently introduced preformed oral Microcuff paediatric tracheal tube (PET).
Methods
The study was approved by the Hospital Ethical Review Board and informed parental consent was required for inclusion into the study. Children from birth up to 16 yr undergoing elective surgery requiring endotracheal intubation with a preformed oral tracheal tube were studied. The tracheas were intubated with preformed oral Microcuff PETs (Microcuff GmbH, Weinheim, Germany) with highvolume, low-pressure cuffs made from polyurethane ( Fig. 1) . The Microcuff recommendations for Magill type tracheal tube size selection were used. 7 12 These are based on Motoyama's formula for selection of cuffed tracheal tubes in children aged 2 yr or older and on Khine's recommendations for patients below 2 yr of age (Table 1) . 4 15 After induction of anaesthesia and neuromuscular block, the patients' tracheas were intubated with an appropriately sized oral preformed Microcuff PET under direct laryngoscopy. First, the tracheal tube was placed with its intubation depth mark at the level of the vocal cords and initial oral tube insertion depth was read at the lower alveolar ridge or lower incisors (Fig. 2-Step A) . Next, the tube was inserted further or drawn back until the centre mark of the bend was at the lower incisors or alveolar ridge (Fig. 2- Step B). In this position, the tube was taped to the patient's chin. In those patients in whom the intubation depth mark was above the vocal cords after Step B the tracheal tube was inserted further into the trachea and taped to the chin, so that the intubation depth mark was at the level of the vocal cords (Step C). Afterwards, the lungs were checked for bilateral breath sounds.
Tracheal tube size was judged as adequate if the leak pressure (airway pressure needed to establish an air leak around the tracheal tube with the cuff not inflated) was 20 cm H 2 O or less and if the sealing pressure (cuff pressured to seal the trachea) was 20 cm H 2 O or less. The tube was exchanged to the next smaller size if the leak pressure was too high and was changed to the next larger size if a cuff pressure more than 20 cm H 2 O was necessary to prevent a leak.
With the tracheal tube in position after
Step B or if further adjustment was required, after Step C, the distance from the tracheal tube tip to the carina was endoscopically assessed with the patient supine and the head in a neutral position. The head was said to be in a neutral position if the external auditory meatus and the superior orbital margin were vertically aligned. Endoscopic assessment was performed using a flexible fibrescope attached to a video-monitor system (Flexible Airway Endoscopes, OD 1.9, 2.9 and 3.9 mm, Acutronic Medical Systems, Baar, Switzerland). A drawback technique was used. The fibrescope was advanced into the left main bronchus and was drawn back until the crest of the tracheal carina was seen. A clip was placed on the fibrescope at the level of the tube adaptor. Then, the endoscope was further drawn back until the tube tip became visible. The distance between the clip and the level of the tube adaptor was then measured. 13 The distance from tracheal tube tip-to-carina was compared with the distance needed (margin of safety) to prevent endobronchial intubation during head-neck flexion. This margin of safety was obtained from a previous study by our group and ranges from 1 cm in newborns to about 2 cm at 16 yr of age. Table 2) . No tube exchange was required because of an ill-fitting tube.
After step B the intubation depth mark position was above the vocal cords (5 mm each case) in five patients, necessitating further advancement of the tube, at the level of the vocal cords in 22 patients, and in the remaining 139 patients below the vocal cords (range 5-40 mm).
The intubation depth mark was above the vocal cords in four children intubated with a 3.0 mm ID tracheal tube (0.71, 0.75, 0.57 and 0.8 yr old infants), and in one child with a 4.0 mm ID tracheal tube inserted (3.3 yr old child).
No endobronchial intubation occurred after Step B, or after Step C in the case of tubes that needed further adjustment. The distance from the tracheal tube tip to the carina ranged from 5 to 55 mm (Table 2 ). In 4 patients the distance from the tracheal tube tip to the carina was smaller than the required safety margin to prevent endobronchial intubation during head-neck flexion (Fig. 3) .
Discussion
Preformed oral tracheal tubes were first described by Ring, Adair and Elwyn (therefore called RAE tubes) and were introduced in the late 1970s. 17 They are prebent to reduce the likelihood of kinking and to make them suitable for surgery of the mouth and face. Preformed tracheal tubes fit better into an oral gag, are easier to secure to the chin and may reduce the risk of unintended extubation. A major limitation is that their flexion point is fixed and that, for a given internal diameter, the tracheal tube is available in only one length. Therefore, if a patient with a narrow cricoid ring requires a preformed tracheal tube that is smaller than usual for its age, the tracheal tube may be too short and may become dislodged accidentally during surgery. If a larger uncuffed tube is used for a patient with an unusually wide trachea, the tracheal tube may be too long and its tip could enter a main bronchus. 18 Consequently, the bend often has to be placed within or outside the oral cavity, making kinking and tube Step A
Step B
Centre mark of the tube bend
Lower incisors
Vocal cords
Intubation depth mark

Fig 2
Step A: The oral preformed tracheal tube inserted with intubation depth mark at the level of the cords. Initial tube insertion depth is read at the lower incisors or alveolar ridge.
Step B: The oral preformed tracheal tube is advanced until the centre mark of the tube bend is at the lower incisors or alveolar ridge. 26 27 Tube size selection in children aged under 2 yr was based on Khine's recommendations. 4 Tube size selection in children aged 2 yr or more was based on Motoyama's formula [internal diameter in millimetres=(age in years/4)+3.5]. 15 Paediatric cuffed preformed tracheal tube compression more likely and removing the benefit of the preformed bend. As demonstrated in our study, these problems can be effectively overcome in most patients by the use of a cuffed preformed tracheal tube. Their reduced outer diameter compared with traditional uncuffed tracheal tubes provided a good fit (air leak at airway pressures of less than 20 cm H 2 O with the cuff deflated) at the first intubation attempt and the cuff allowed the airway to be sealed at a low cuff pressure in all patients (median 10 cm H 2 O). Furthermore, the preformed oral Microcuff PET allowed safe positioning of the tube cuff and tube tip in almost all children investigated when placed with the tracheal tube bend at the lower incisors or alveolar ridge.
Because the distance from the lower incisors or alveolar ridge to the vocal cords at any given age is variable it is not possible to design a tube that gives an optimal cuff and tracheal tube tip position in all children. Using the oral preformed Microcuff tube the intubation depth mark was placed below the vocal cords in most of our patients. This is because the Microcuff intubation depth mark in straight tracheal tubes was designed to avoid endobronchial intubation in the shortest trachea of the related age group. 12-14 16 Thus, when the preformed tracheal tube is placed according to the bend the intubation depth mark will become advanced further in the trachea in most of the patients. To prevent kinking the tube should be placed according to the bend. This should guarantee that the intubation depth mark will be at least at the vocal cords or below and that the tracheal tube tip will not be too deep.
As cuffed tracheal tubes are selected with internal diameter 0.5-1.0 mm less than uncuffed tracheal tubes, the bend and shape of a given cuffed preformed tracheal tube should be manufactured according to the 0.5-1.0 mm The distance 'tube tip-to-carina' is plotted against patient age. Tracheal tube tip position was endoscopically assessed with the preformed tube bend placed at the lower teeth or alveolar ridge (n=166). The dotted line shows data from a previous study and indicates maximal caudal displacement of the tube tip with 30 neck flexion (neonate 10 mm; adult patient 20 mm). 16 Endobronchial intubation is predicted during neck flexion if the tube tip is below this line in the neutral position. larger sized uncuffed preformed tracheal tube. The bend and shape of the new oral preformed Microcuff PET is identical to that of an uncuffed preformed tracheal tube with identical ID. This would imply that the tubes are too short and the cuffs too high within the trachea. However, the intubation depth mark was placed above the vocal cords in only five children, with the cuff still being placed below the glottic region. In these patients the tube was inserted further into the trachea, so that the intubation depth mark was placed at least at the level of the vocal cords. On the other hand, although no endobronchial intubation occurred, in four patients the preformed cuffed tracheal tube carried a risk of endobronchial intubation during head-neck flexion, despite being shorter than their corresponding age-related uncuffed oral preformed tube. This is not surprising as uncuffed preformed tracheal tubes often are too long, especially in smaller children. [19] [20] [21] This is because the first preformed tracheal tubes were designed by defining the maximal insertion depth that did not result in endobronchial intubation. 17 This approach increased the risk of endobronchial intubation in many children. To overcome this problem most uncuffed oral preformed tracheal tubes are provided with two Murphy eyes near the bevel, one on the long side of the bevel and the other on the opposite short side. Mallinckrodt reduced the length of their oral preformed RAE paediatric tracheal tubes of ID 5.5 mm size and less by 5-15 mm (depending on the ID) for the European market in 1986. [22] [23] [24] Nevertheless, in 1991 endobronchial intubation was still reported as a frequent event by Black and Mackersie, when using uncuffed oral preformed tracheal tubes in children. 19 They studied 42 children aged between 3 months and 16 yr and reported that uncuffed oral preformed tracheal tubes were placed endobronchially in 20% of the children and were too long in 32%. In our study the oral preformed Microcuff PET without a Murphy's eye and with a short distally placed high-volume low-pressure polyurethane cuff allowed safe tracheal tube positioning when placed with the bend at the lower incisors or alveolar ridge in a large population of children of various ages.
However, as the tube bend determines cuff and tube tip position within the trachea, it is mandatory that an intubation depth mark is printed on the tracheal tube shaft and that this is placed at least at the level of the vocal cords during tracheal intubation in order to guarantee that the cuff is positioned below the vocal cords. This is the first clinical investigation dealing with cuff position and tube tip position in oral preformed tracheal paediatric tubes. Our data will help to improve the design and the selection of oral cuffed preformed tracheal tubes. For example, our findings suggest that the ID 3.5 mm tracheal tube should be used in patients from 6 months of age up to 2 yr to obtain a lower tracheal tube cuff position. The use of a 3.5 mm ID Microcuff PET in children from 6 months onward has been shown not to result in an increased incidence of tube exchange or stridor. 25 This study evaluated tube placement with the head-neck in neutral position. During ENT and cleft palate surgery, the head-neck is often extended leading to various degree of upward movement of the tube. 16 However, it must also be kept in mind that in ENT and cleft surgery an oral gag with tongue depressor is often inserted leading to downward movement of the tracheal tube.
In conclusion, the new oral preformed cuffed tracheal tubes used according to the maufacturer's recommendation for tube size selection allow safe placement of the tube tip in the trachea and tube cuff placement below the vocal cords in almost all patients when inserted according to the tube bend. The low tracheal tube tip position or overly high cuff position seen in a few patients requires clinical alertness.
